I[NTRODUCTION]{.smallcaps} {#sec1-1}
==========================

All clinicians dealing with the oral cavity are faced with varying degrees of difficulty when mouth opening is limited. The amount of mouth opening is a significant factor in the diagnosis of many clinical conditions and can have implications for the management and treatment of patients. A reduction in the amount of mouth opening is associated with several clinical conditions, with one of the most common being temporomandibular disorder (TMD) syndrome.\[[@ref1]\]

In order to make a diagnosis of decreased mouth opening, it is essential to establish what constitutes the normal opening for the populations. A known normal range of mouth opening is necessary to enable the clinician conduct a thorough oral examination conveniently. Early recognition of decreased or limited mouth opening is necessary for a prompt and efficient approach to diagnosis and to plan the treatment options judiciously.\[[@ref2]\]

Maximum incisal opening (MIO) can be expressed either as the interincisal distance or as corrected interincisal distance, which is determined by adding the amount of vertical overlap between the upper and lower incisors to the incisal distance. In adults, MIO is stable and does not vary, whereas in children, MIO increases with somatic growth.\[[@ref3]\]

Researchers have shown that this measurement varies significantly with age,\[[@ref4][@ref5][@ref6]\] gender,\[[@ref4][@ref7]\] and race.\[[@ref4]\] Although correlation with age is generally accepted, conflicting reports are found in literature for other variables.\[[@ref3]\] Establishing normal age-adjusted values of MIO in children would allow the clinician to objectively evaluate the effects of treatment or interventions.

As little or no established data on age-adjusted values of MIO is available in Indian population, the aim of the present study was to establish the normal range of MIO in children using TheraBite^®^ range of motion scale and to investigate the correlation between MIO and age, gender, height, and weight.

M[ATERIALS AND]{.smallcaps} M[ETHODS]{.smallcaps} {#sec1-2}
=================================================

Six schools in North Bengaluru, India, were identified for the participation in the study, and permission from the concerned authorities was obtained. Ethical clearance for the study was obtained from the Institutional Review Board, Sri Rajiv Gandhi College of Dental Sciences and Hospital, Bengaluru, India (No. SRGCDS/2014/485-A). Seven hundred and forty children in the age group of 4 to 15 years for whom written informed consent could be obtained from the parents or guardians participated in the study.

The demographic details and information regarding a history of trauma to the head, neck, or face; a history of neurological disorders; and a history of pain in the jaws, neck, and face were obtained for each participant. The clinical examination was then performed which included temporomandibular joint (TMJ) examination; palpation of masticatory muscles; and intraoral examination for identifying open bite, cross bite, and occlusal wear (indicator for bruxism). Children with orthodontic problems such as anterior cross bite and anterior open bite; neurologic disorders; and systemic diseases such as juvenile rheumatoid arthritis, cleft lip and palate, or other craniofacial anomalies; history of jaw, head, or face trauma; history of pain in the neck, jaw, and face and TMJ sounds, and history of severe bruxism were excluded from the study.

Six hundred and two children (327 males and 275 females) in the age group of 4 to 15 years fulfilling the inclusion and exclusion criteria were identified from the participants examined and were included in the study. The children were then divided into the following six age groups: Group I: 4--5 years; Group II: 6--7 years; Group III: 8--9 years; Group IV: 10--11 years; Group V: 12--13 years; and Group VI: 14--15 years.

Height and weight of each children were recorded with height scale and a calibrated weighing apparatus, respectively. Weight was measured to the nearest tenth in kilograms, with the child standing as still as possible with hands resting at his or her side. Height was measured to the nearest tenth in centimeter on the height scale with the child standing as close to his or her natural head positioning as possible.

For this study, MIO was defined as the vertical distance in millimeters between the incisal edges of the maxillary and mandibular central incisors, where they should be, or as medial to where they should be, when the child naturally opens his or her mouth as wide as possible without eliciting any pain or discomfort, plus the vertical overbite as described by Ying *et al*.\[[@ref3]\] For children with missing anterior teeth, MIO was measured as the distance between the gingiva of the missing incisor minus the amount of space that exists when the patient is in centric occlusion (CO). For partially erupted incisors, MIO was measured as the distance between the partially erupting central incisor and the opposing central incisor minus the amount of space that exists when the patient is in CO.

MIO measurements were recorded using the TheraBite^®^ scale (Platon Medical Ltd.; UK), while the children rested their heads against a firm wall surface in an upright position. Children were asked to open their mouth as wide as possible without discomfort. TheraBite^®^ scale was placed so that the notch of the scale rests on the incisal edge of the lower central incisor. The scale was then rotated until it contacts the incisal edge of the upper central incisor, and reading at the point of contact was noted \[[Figure 1](#F1){ref-type="fig"}\]. Three readings were recorded for each child, and their average was considered.

![Measurement of maximal incisal opening using TheraBite^®^ scale](AAM-18-153-g001){#F1}

For overbite measurement, the facial surfaces of the mandibular incisors were marked at the area of overlap by the maxillary incisors using an indelible pencil, and this demarcation was measured to the mandibular incisal edge using the graded ruler on the side of the TheraBite^®^ scale. The overbite value was then added to the average MIO value to get the child\'s final MIO.

All the measurements were done by a single examiner to avoid interexaminer variability. To test the intraexaminer reliability, each day at the end of the examination, 10% of the children examined for the day were randomly selected and MIO was measured.

Statistical analysis {#sec2-1}
--------------------

The collected data were tabulated and imported into Statistical Package for the Social Sciences software version 10.0.5 (SPSS Inc., Chicago, IL, USA) for statistical analysis. Student\'s "*t*-"test and one-way analysis of variance were used to determine the differences in MIO in relation to age and gender. Pair-wise comparison of MIO between the age groups was done using Tukey test. Pearson\'s correlation coefficients were calculated to determine the correlation between the MIO and height and weight. A multivariable regression model including all the variables individually associated with MIO was estimated to examine the adjusted effects for each variable. In all the above tests, a "*P*" \< 0.05 was accepted as indicating statistical significance.

R[ESULTS]{.smallcaps} {#sec1-3}
=====================

Among the 602 children (327 males and 275 females) enrolled in the study, the minimum mean MIO was recorded as 41.34 mm and the maximum mean MIO was recorded as 51.73 mm. The distribution of mean MIO values in various age groups included in the study is summarized in [Table 1](#T1){ref-type="table"}.

###### 

Mean maximal incisal opening by age

  Age (years)   *n*   Mean MIO (mm)±SD   95% CI for mean   *F*     *P*     
  ------------- ----- ------------------ ----------------- ------- ------- ---------
  4-5           100   41.34±4.14         40.51             42.16   79.18   \<0.001
  6-7           100   43.52±3.95         42.73             44.30           
  8-9           99    47.77±4.00         46.97             48.57           
  10-11         101   50.20±5.09         49.19             51.20           
  12-13         102   51.27±4.98         50.29             52.24           
  14-15         100   51.73±6.46         50.45             53.01           

CI=Confidence interval, SD=Standard deviation, MIO=Maximal incisal opening

It was observed that MIO gradually increased with age with a mean MIO of 41.34 mm (standard deviation \[SD\] 4.14) at 4--5 years to a mean MIO of 51.73 (SD 6.46) at 14--15 years; however, the increase in mean MIO reading was not statistically significant from 10--11 years to 14--15 years. The MIO values were higher in males when compared to those of females in all the age groups, which was statistically significant except for the age group of 4--5 years \[[Table 2](#T2){ref-type="table"}\].

###### 

Comparison of maximal incisal opening values in each age group according to gender

  Age (years)   Sex      *n*          Mean (mm)±SD   *t*-test   *P*
  ------------- -------- ------------ -------------- ---------- ---------
  4-5           Male     54           41.65±3.58     0.661      0.418
  Female        46       40.97±4.75                             
  6-7           Male     55           44.68±4.10     11.516     0.001
  Female        45       42.11±3.31                             
  8-9           Male     56           48.87±4.01     10.571     0.002
  Female        43       46.35±3.57                             
  10-11         Male     65           51.11±5.24     6.126      0.015
  Female        36       48.56±4.42                             
  12-13         Male     46           53.86±4.38     28.899     \<0.001
  Female        56       49.14±4.44                             
  14-15         Male     51           53.87±6.55     12.657     0.001
                Female   49           49.51±5.63                

SD=Standard deviation

Pearson\'s correlation coefficient test indicated a strong positive correlation of MIO with height (*r* = 0.63, *P* \< 0.001) and weight (*r* = 0.60, *P* \< 0.001) \[[Table 3](#T3){ref-type="table"}\].

###### 

Correlation of maximal incisal opening with height and weight

                          Height (cm)   Weight (kg)
  ----------------------- ------------- -------------
  Pearson's correlation   0.63          0.60
  *P*                     \<0.001       \<0.001
  *n*                     602           602

In the multivariable regression model, all the variables included in the study such as age, gender, height, and weight remained significantly associated with MIO \[[Table 4](#T4){ref-type="table"}\].

###### 

Adjusted estimates from multivariate regression model

                Estimate   *t*     *P*
  ------------- ---------- ------- ---------
  Height (cm)   0.08       3.62    \<0.001
  Weight (kg)   0.12       3.94    \<0.001
  Age           2.25       19.90   \<0.001
  4-5 years     −3.56      −4.64   \<0.001
  6-7 years     −2.98      −4.84   \<0.001
  14-15 years   −1.43      −2.28   0.023
  Gender        −3.00      −7.74   \<0.001
  Female        −2.79      −7.64   \<0.001

D[ISCUSSION]{.smallcaps} {#sec1-4}
========================

Patients with TMDs, craniofacial anomalies, maxillofacial trauma, oral malignancies, and those who have been treated for these conditions often complain of restricted mouth opening. As with any disease or condition, the aim of the treatment of disorders affecting mouth opening is to restore the mouth opening to its normal value. It is thus of paramount importance to determine the normal value.\[[@ref2]\]

Research has shown that the mouth opening measurement varies significantly with the age, gender, and stature along with geographical and ethnic variations. Hence, it becomes essential to establish the parameters to be taken into consideration for evaluating normal mouth opening for the population. Moreover, only a few studies \[[@ref3][@ref8][@ref9][@ref10][@ref11][@ref12][@ref13][@ref14]\] have been conducted to determine the maximal mouth opening in children.

Therefore, in the present study, we aimed to establish the normal range of MIO in Indian children and investigate the correlation between MIO and age, gender, height, and weight.

Measurement of mouth opening is used to assess two variables -- functional mouth opening (the maximum vertical measurement for access to the oral cavity) and TMJ mobility. Numerous methods have been described in the literature for the measurement of MIO. The most common method used is the measurement of interincisal distance during active opening by the individual. Extraoral soft-tissue landmarks have also been used for the same.\[[@ref8]\] However, since the extraoral landmarks are more mobile when compared to the incisal edge of teeth which is relatively more stable and more easily determined, the present study measured MIO as vertical distance in millimeters between the incisal edges of the maxillary and mandibular central incisors.

MIO has been described either as the interincisal distance or as the interincisal distance plus overbite. Gallagher *et al*.\[[@ref15]\] had observed that measurement of interincisal distance plus overbite is a more accurate reflection of the vertical distance travelled by the mandible and not including overbite can underestimate the movement of the mandible, especially in individuals with deep overbite. Therefore, in the present study, overbite has been added to the interincisal distance to determine the MIO.

Higbie *et al*.\[[@ref16]\] and Uritani \[[@ref17]\] in their research have observed that short-term alterations in head positions can have a significant effect on the amount of vertical mandibular opening and recommended consistency of individuals\' head position in producing reliable measurements. Therefore, all the measurements were made while the individuals rested their heads against a firm wall surface in an upright position.

Few investigators \[[@ref18][@ref19][@ref20]\] observed that the first measurement of MIO recorded for each individual was generally greatest which they attributed to decreasing muscle power with succeeding measurements. Considering this, in the present study, an average of three measurements was taken as the final MIO value to minimize error.

On analysis of results, the mean MIO in the present study showed a gradual increase with age with a mean MIO of 41.34 mm at 4--5 years to a mean MIO of 51.73 mm at 14--15 years. This is in agreement with the findings of previous studies \[[@ref3][@ref8][@ref14][@ref21]\] conducted in pediatric population. Ying *et al*.\[[@ref3]\] reported a mean MIO of 43.80 mm at 4--5 years which showed a gradual increase to 59.34 mm at 14--15 years. However, the mean MIO values recorded in each age group in this study varied when compared to those of other studies. This may be attributed to the difference in the study population,\[[@ref3]\] different method in the determination of MIO,\[[@ref5][@ref8]\] or due to variation in the tool used to measure the interincisal distance.\[[@ref14]\]

In this study, a statistically significant difference in MIO values was observed between boys and girls in all the age groups except for 4--5 years. This is in contrast with the findings of other investigators \[[@ref3][@ref14][@ref18][@ref22]\] who observed that the influence of gender on maximal mouth opening is not significant in children. This gender difference observed in our study may be explained by the findings of Westling andHelkimo \[[@ref23]\] and Dijkstra *et al*.\[[@ref24]\] who pointed out that the differences in MIO may be attributed to the size and length of mandible which is usually greater in males.

A strong positive correlation of MIO with height and weight was noted in the present study which was consistent with the findings of Kumar *et al*.\[[@ref13]\] This increase of MIO with height and weight can be attributed to the positive correlation between mouth-opening capacity and physical development as observed by Ingervall.\[[@ref22]\]

On regression analysis, all the variables included in the study such as age, gender, height, and weight remained significantly associated with MIO, suggesting that these variables must be considered during the measurement of mouth opening in children.

Limitations of the study {#sec2-2}
------------------------

One limitation of this study could be an inadvertent inclusion of asymptomatic children with limitations in mouth opening, which would bias the results to some extent. Moreover, the inclusion criteria did not encompass any specific radiographic evaluation of TMJ. However, the absence of any history of signs or symptoms of jaw or face pain should have minimized the number of individuals with undetected limitation of mouth opening.

C[ONCLUSION]{.smallcaps} {#sec1-5}
========================

Within the limits of the present study, the following conclusions were made:

Normal range of MIO in children of various age groups within the age range of 4--15 years has been establishedThe MIO showed a gradual increase with age in both males and females, and both age and gender were found to have significant influence on MIO valuesA strong positive correlation of MIO with height and weight was observed.
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